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Costa AEA, Silva JLV, Simões MJ, Nouailhetas VL. Morpho-
functional alterations of the nonpregnant murine uterus in response to
intense and exhaustive exercise are not related to oxidative stress. J
Appl Physiol 116: 604–610, 2014. First published January 9, 2014;
doi:10.1152/japplphysiol.01342.2012.—Exercise is a common and
noninvasive way to improve human health. In contrast, intense exer-
cise causes damage in various tissues and is usually associated with
metabolic changes in organs and tissues. Even though intense exercise
is associated with dysfunctions in the female reproductive system,
much less is known about the cellular mechanisms underlying its
effects particularly on the nonpregnant uterus. We investigated
whether the effects of an intense and exhaustive exercise (IEE)
program on the isolated C57BL/6 uterine morphology and contractil-
ity might be related to increased levels of prooxidation markers.
Female mice were submitted to 2 days of IEE. The daily exercise
session consisted of a running session until exhaustion, with the
treadmill speed set at 85% of each animal’s maximum velocity.
Training responses were evaluated through two parameters: time to
exhaustion and maximum velocity. Absence of exercise-induced hy-
pothalamic-pituitary-adrenal (HPA) axis activation was indirectly
evaluated by maintenance of the adrenal gland weight. IEE reduced
the thickness of the longitudinal muscular layer by 10%, impaired
contractility in response to muscarinic stimulation (increased EC50
and decreased Emax), but showed a strong trend to decreasing the
KCl-induced contraction; reduced lipid peroxidation; and did not
alter the uterine protein oxidation of exercised animals compared
with control. Altogether we provide evidence for the nonpregnant
murine uterus being an important target to IEE, leading to mor-
phofunctional alterations which could not be associated with tissue
oxidative stress but might well be related with exercise-induced
uterine dysfunctions.
intense exercise; isometric contraction; smooth muscle; lipid peroxi-
dation; protein oxidation
PHYSICAL PERFORMANCE AND EXERCISE are both deeply related to
human health and quality of life, being an important noninva-
sive tool to overcome or delay the development of chronic
diseases (18). In contrast, women adhering to physical exercise
programs or less frequently to sport training, either for aes-
thetic or athletic reasons, are subjected to excessive exercise
that is usually accompanied by inappropriate recovery. Exer-
cise, mainly that coupled with high energy demands, can
impose a hard stress on body homeostasis, leading to the
release of the catabolic hormone cortisol in the blood, which in
turn may cause disturbances in the female reproductive system
(24). It is known that rigorous exercise causes hypothalamic
dysfunction and GnRH pulsatility alterations and as a result
delayed menarche, amenorrhea, oligomenorrhea, reduced lu-
teal phase, and no ovulation (8, 14, 24). When associated with
low caloric nutritional intake exercise is known to cause
pathological states such as eating disorders and premature
osteoporosis (17, 25). Despite that, studies in the reproductive
female system, related or not with exercise, are scarce and
mostly focused on the pregnant rather than nonpregnant uterus
both in human and animal species (2).
Intense exercise is usually associated with enhanced gener-
ation of reactive oxygen species (ROS) which may disturb
tissue and organ redox homeostasis (13). In the case of the
female reproductive system, exercised-induced ischemic/rep-
erfusion events could be associated with increased ROS pro-
duction due to the deviation of the cardiac output to muscle
mass in activity and skin, thus causing ischemia in the pelvis
region, eventually causing oxidative stress during reperfusion
in the recovery period (3). The latter may damage membrane
and/or cellular macromolecules, such as enzymes, ionic chan-
nels, and receptor proteins, thus modifying signaling transduc-
tion mechanisms (3). In women, oxidative stress is frequently
related to pathologies like polyps, myoma, hyperplasia, and
adenocarcinoma (19). In contrast, ROS may also act as key
signaling molecules, and the maintenance of a reductive cel-
lular environment is critical to reproduction and pregnancy
physiology (4).
The damaging effects of intense exercise programs associ-
ated with inadequate recovery on the skeletal muscle, cardio-
vascular, and respiratory tissues have been exhaustively ex-
plored (6, 21, 23). However, as far as we know, no studies have
focused on the responses caused by intense exercise and its
consequences for nonpregnant animals. Therefore, the aim of
the present study was to investigate the morphology, con-
tractile reactivity, and redox homeostasis disturbances in
response to intense and exhaustive exercise in the nonpreg-
nant murine uterus. We hypothesized that exercise-induced
ischemia/reperfusion events would lead to an imbalance of
the uterus redox homeostasis favoring a pro-oxidant envi-
ronment that would cause uterine morphological and func-
tional impairments. We provide evidence for important
morphofunctional alterations in the nonpregnant uterus in
response to IEE in C57BL/6 mice. However, the present
data did not support exercise-induced imbalance of the
uterine redox homeostasis as the mechanism underlying the
observed exercise outcomes.
MATERIALS AND METHODS
Chemicals. All chemicals were analytical grade. Salts, D-glucose,
n-butanol, TBA, tungstophosphoric acid, SDS, ethylic alcohol, acetic
acid, and xylene were purchased from Merck (Darmstadt, Germany);
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BSA, carbachol, EDTA, dinitrophenylhydrazine, TCA, antiprotease
cocktail, guanidine, and HEPES were from Sigma (St. Louis, MO);
formaldehyde, acetate, and lead citrate were from Electron Micros-
copy Sciences (Hatfield, PA); hematoxylin and eosin were from
Nuclear (Diadema, Brazil).
Animals. Adult, virgin female C57BL/6 mice (n  60), 3–4 mo
old, weighing 20 g, were obtained from the Centre for the Devel-
opment of Experimental Models for Medicine and Biology
(CEDEME), at Federal University of São Paulo. Animals were kept in
our local animal facilities, housed six animals/cage with access to
commercial diet and water ad libitum. Animals were kept on a 12:12-h
light-dark cycle (0600 to 1800) at 23°C for at least 5 days before the
performance of any experimental procedure. The estrous cycle was
identified by vaginal smears stained with 1% toluidine blue and the
body weight was daily monitored (AS5000, Mars Scales and Precision
Instruments, São Paulo, Brazil). All animals were in the same cycle
stage (estrous phase) at the beginning of the exercise program.
Animals were randomly allocated into two (2) groups: sedentary
(control group) and a group subjected to 2 days of intense and
exhaustive exercise (EX 2D). Animals were killed by cervical dislo-
cation 24 h after the second maximum incremental test, and the
uterine horns were quickly isolated either for pharmacological reac-
tivity experiments or frozen and stored at 20°C for further analysis.
Animal handling procedures were approved by our University Ethics
Committee and adhered to the International Guiding Principles for
Biomedical Research Involving Animals (Geneva, 1985).
Exercise protocol. The exercise protocol to C57BL/6 female mice
was adapted from Rosa et al. (21) so that the whole exercise program
was fully performed within one complete estrous cycle. Animal
groups were initially acclimated to treadmill environment by 15-min
daily running sessions (Exer 3/6 Treadmill, Columbus Instruments,
Columbus, OH) with speed set at 10 m/min for 5 successive days
(adaptation period). All animals performed a maximum incremental
test to assess animals’ maximum velocity as follow: 3-min warm-up
with treadmill speed set at 5 m/min, 1 min with treadmill speed set at
10 m/min followed by further progressive increases of 1 m/min every
minute until animal exhaustion and 3-min cool down at 5 m/min. Each
animal performed two successive days of intense and exhaustive
exercise (IEE): 3-min warm-up with treadmill speed set at 5 m/min,
running to exhaustion with treadmill speed set at 85% of the maxi-
mum velocity, 3-min cool down at 5 m/min. Animal physical perfor-
mance was evaluated by two maximum incremental tests: the first one
done 24 h before the first day of exercise (MIT1) and the second done
24 h after the second day of exercise (MIT2). The exercise protocol is
summarized as: MIT1 ¡ 24 h rest ¡ exercise day 1 ¡ 24 h rest ¡
exercise day 2 ¡ 24 h rest ¡ MIT2. Animal exhaustion was
identified by a 15- to 30-s refusal of the animal to run after the ending
of the exercise session, even after gentle hand prodding. The treadmill
grade was maintained at 0%. Electrical shock was avoided as nega-
tive reinforcement because this would have added undue stress,
which is not associated with exercise. All exercise sessions were
performed at 1700. Control animals were exposed to the same
environmental conditions (handling, treadmill motor noise, vibra-
tion, and deprivation of food and water) as exercised animals. No
animals were discarded due to physical injuries or disorders in the
estrous cycle.
Exercise markers. Physical performance was assessed by the eval-
uation of both time to exhaustion and maximum velocity each animal
reached in MIT. After death of the animal, the gastrocnemius muscle,
heart, uterine horns, and adrenal glands were immediately collected
and weighed on an analytical balance (AS5000, Marte Balanças e
Aparelhos de Precisão, Sao Paulo, Brazil).
Histomorphometric studies. Isolated uterine horns were fixed in
10% buffered formalin. Tissue samples were dehydrated by graded
concentrations of alcohol (from 50% to 85% ethylic alcohol), cleared
in four rinses of xylene, and embedded in paraffin wax. The longitu-
dinal and circular muscular layer thicknesses were quantified in 4-m
transverse sections of uterine horns stained with hematoxylin and
eosin (HE). Five measurements out of four fields per uterine horn
were analyzed in both animals groups (n  6 for each group) with
the Zeiss Axion Vision Software (version 4.1) in a double-blind
manner.
Isometric contraction assays. Uterine horns were isolated and
carefully washed with de Jalon’s solution, one end tied up to a steel
hook support and the other end suspended in a 5-ml perfusion
chamber (AVS Project, São Carlos, Brazil) filled with de Jalon’s
solution and connected to a force transducer. Tissues were kept at
37°C, bubbled with air, and a 60-min resting period under 0.2 g basal
tension was allowed before any experimental procedure was under-
taken (15). Throughout the resting period, the nutritive solution was
renewed with fresh de Jalon’s solution every 15 min. Isometric
tension was recorded through a force transducer (Dialectic Scientific
Instrument, TRI201 Barcelona, Spain) coupled to a system for cap-
turing, recording, and analysis (Aqcad Ancad, projects AVS, São
Carlos, Brazil). Uterus reactivity was evaluated by the construction of
noncumulative concentration-contractile response curves elicited by
either KCl or carbachol (CCh). The period of contact with the
stimulating agent was 1.5 min, when the organ was washed three
times with fresh de Jalon’s solution, and 5-min intervals were allowed
between two successive challenges. Tissue responsiveness was deter-
mined by two parameters from the concentration-response curve:
EC50, as the concentration of the stimulant that causes 50% of the
maximum response, and Emax, as the maximum contractile response.
Only one concentration-contractile response curve was done per
uterine horn. Muscarinic stimulation was chosen as the pharmacom-
echanical stimulus because the muscarinic receptor density in the
uterus is not altered by hormones; and carbachol was chosen because
it is a nonspecific muscarinic agonist and not degraded by the en-
Fig. 1. Effectiveness of the intensive and
exhaustive exercise (IEE) program: A: phys-
ical performance evaluation before [incre-
mental test 1 (MIT1)] and after exercise
training [incremental test 2 (MIT2)] in con-
trol (n  12) and after 2-day exercise (EX
2D; n  12) groups. B: decrease of the
exhaustion time at each daily session throughout
IEE (n  8). *Significant difference for the
same group (P  0.05).
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zyme acetylcholinesterase (16). The amplitude of the contractile
response was measured as the peak of the phasic component of the
contraction observed within a 1.5-min period of tissue stimulation
with either stimulant.
Pro-oxidant markers. Lipid peroxidation was determined by mea-
suring the chromagen reaction product of 2-thiobarbituric acid (TBA)
with one of the products of membrane lipid peroxidation, malondial-
dehyde (MDA) (11), according to the technique described by Win-
terbourn et al. (26) and adapted to mice by Rosa et al. (21). Accord-
ingly, homogenate uterine tissue pools from the control and exercised
animals were incubated for 30 min with the reaction mixture at 95°C.
The chromogen reaction product was extracted in n-butanol and its
concentration was determined spectrophotometrically (U-2000; Hita-
chi, Tokyo, Japan) at 532 nm. Results are expressed as nanomoles per
milliliter per gram of dry tissue.
Carbonyl assay. Oxidative damage to uterus proteins was deter-
mined by quantifying the carbonyl content according to the method
described by Reznick and Packer (20). Briefly, 10 mM 2,4-dinitro-
phenylhydrazine (DNPH), dissolved in 2.5 M HCl, was added to
uterine tissue homogenate pools from control and exercised animal
groups to generate chromophoric dinitrophenylhydrazones. After the
DNPH reaction time, proteins were precipitated in 20% (wt/vol) TCA,
followed by successive washings with ethanol-ethyl acetate mixture
(1:1) and centrifugation at 6.000 g. The last pellet was dissolved in 6
M guanidine-HCl solution. The protein carbonyl content was assessed
spectrophotometrically (U-2000; Hitachi, Tokyo, Japan) at 370 nm,
using the molar extinction coefficient of DNPH, ε  22,000
M1·cm1. Total protein content was assessed by Bradford technique
and experimental values were interpolated into a BSA standard curve
(0.25–2.0 mg/ml).
Solutions. Contractile experiments were undertaken with tissue
strips bathed in de Jalon’s solution with the following composition (in
mM): 157 NaCl, 5.60 KCl, 0.27 CaCl2·2H2O, 3.00 MgCl2·6H2O, 1.80
NaHCO3, 5.50 D-glucose, pH 7.4 (1). The following solutions were
used: phosphate buffer solution containing (in mM) 20 KH2PO4, 150
KCl, and 40 HEPES; reaction mixture containing 20 mM phosphate
buffer, 11% acetic acid, 0.1% tungstophosphoric acid, 0.5% SDS, and
0.2% TBA for lipid peroxidation assays; and homogenizing buffer
containing 50 mM NaH2PO4 plus a cocktail of antiprotease (Santa
Cruz Biotechnology, Santa Cruz, CA), and 1 mM EDTA for carbonyl
assays.
Statistical analysis. Results are presented as means  standard
error of mean (SE). Data were appropriately analyzed either by the
paired Student t-test (data of MIT1 and MIT2 and histograms) or the
one-way ANOVA, followed by Bonferroni posttest, with a signifi-
cance level of P  0.05. Data from noncumulative concentration-
contractile response curves were fitted to nonlinear regression accord-
ing to the following algorithm: effect  minimum effect  [(maxi-
mum effect  minimum)/(1  10(logEC50X)Slope)], where X is the
concentration of the stimulant, and slope, the Hill coefficient.
All statistical analysis and adjustment curves were performed
using the GraphPad Prism 5.0 software (GraphPad Software, San
Diego, CA).
RESULTS
Training intensity markers. Time to exhaustion in the exer-
cised animals fell from 395 s in the first day of exercise down
to 215 s in the second day, and the maximum velocity signif-
icantly decreased from 28 m/min in the first MIT down to 21
m/min in the second one, as shown in Fig. 1. No significant
Table 1. Effects of IEE on organ weight, tibial length, and
adrenal weight/tibial length ratio (P 	 0.05)
Control (n  8) EX 2D (n  8)
Uterine horns, mg 35  3 42  3
Gastrocnemius wt, mg 128 8 113 7
Heart wt, mg 130  7 141 7
Adrenal wt, mg 5.2  0.1 5.8 0.7
Tibia, mm 18.5  0.1 18.2 0.2
Adrenal wt/tíbial length, mg/mm 0.28 0.05 0.32 0.07
Values are expressed as means  SE. IEE, intensive and exhaustive
exercise; EX 2D, 2 days of IEE.
Fig. 2. Representative light micrographs
transverse sections of isolated uterus from
control (A) and EX 2D (B) animal groups. L,
longitudinal layer; C, circular layer; Myo,
myometrium. Histogram of the longitudinal
and circular muscular layer thickness of the
uterus (C) from control (n  6) and EX 2D
(n 6). *Significant difference between control
and EX 2D for the same layer (P  0.05).
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differences in these two parameters were seen in the control
group. As exercise-induced effects could be due to indirect
activation of the hypothalamic-pituitary-adrenals axis (12), we
determined the weights of the adrenal glands. As shown in
Table 1 the absolute weight of the adrenal glands was higher in
the exercised animal group than in the control group, although
not statistically significant, even when expressed relative to the
corresponding animal tibia length. No differences were ob-
served in the weight of the uterine horns, heart, and gastroc-
nemius muscle in the exercised animal group compared with
the control group (Table 1).
Histomorphometric studies. Figure 2 illustrates representa-
tive light micrographs of uterine horn transverse sections
stained with HE. The whole muscular layer thickness from the
exercised animal group was significantly thinner than the
muscular layer from the control group (Fig. 2, A and B).
Specifically, a 10% reduction was observed in the longitudinal
layer thickness, while 30% decrease was observed in the
circular layer thickness (Fig. 2C). No significant alterations in
the endometrial stroma and glands were seen.
Uterus contractility. Figure 3 illustrates representative re-
cords of the maximum isometric contraction of the uterine
longitudinal muscle layer in response to either KCl depolar-
ization (Fig. 3A) or carbachol (Fig. 3B) from the control and
exercised animal groups. As shown, KCl-induced contraction
was characterized by two components, a fast and transient
phasic component, which faded down to a sustained tonic
component, both in the control and exercised groups (Fig. 3A,
left and right panels, respectively). However, the amplitude of
the phasic component was significantly lower in the exer-
cised group than in the control group (Fig. 3A, right panel
and left panel, respectively). The response to carbachol was
initially a sustained and transient contraction immediately
superposed by numerous phasic contractions of small am-
plitude, which increased to reach a constant amplitude
pattern (Fig. 3B, left panel), and eventually fade away with
time (not shown). In the exercised group, carbachol-induced
contractions were typically phasic, initially with significant
smaller and constant amplitude and smaller frequency (Fig.
3B, right panel) than the contractions observed in the control
group (Fig. 3B, left panel).
Concentration-contractile responses curves in response to
KCl-induced depolarization in the uterus from the exercised
animals were shifted to the right and EC50 increased from
5.7  1.3 mM in the control group to 9  3 mM in the
exercised group. Emax decreased from 1.4  0.2 g in the
control group down to 1.2  0.16 in the exercised group
(Fig. 4, A and C), but this difference was not significant.
Similar results were observed for the concentration-contractile
response curves in response to carbachol. It was shifted to the
right, and the EC50 significantly enhanced from 2.8  1.2 M
up to 18  3 M, and Emax significantly decreased from
1.7  0.3 down to 1.0  0.2 g in control and exercised animal
groups, respectively (Fig. 4, B and D).
Pro-oxidation markers. As shown in Fig. 5A, IEE caused a
significant decrease of 62% in the concentration of malondial-
dehyde (MDA) in the uterus of exercised animals relative to its
concentration in the uterus from the control animals. No
alterations in the level of carbonyl concentration in the uterus
from the exercised animals were seen compared with those
from the control group (Fig. 5B).
Fig. 3. Representative recordings of the maximum iso-
metric contraction from isolated murine uterus from
control and EX 2D group elicited by KCl 40 mM KCl
(A) and 100 M CCh (B).
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DISCUSSION
In this study we investigated the possible relationship
among histomorphometric, contractility, and oxidation mark-
ers caused by intense and exhaustive exercise program in
nonpregnant uterus from C57BL/6 mice. We provide evidence
for significant muscular plasticity changes, contractility im-
pairments, and decreased level of lipid peroxidation, but not of
protein oxidation, products. Altogether these data clearly show
that murine nonpregnant uterus is a target organ at intense and
exhaustive exercise, although the deleterious effects caused by
this exercise program could not be attributed to exercise-
induced oxidative stress, as initially proposed.
The applied IEE program was adapted from the one de-
scribed by Rosa et al. (21) for C57BL/6 male mice to make all
experimental evaluations coincident with the estrous phase of
hormonal cycle, as it is known that uterine contractility is very
much sensitive to sexual hormones (27, 28). The adapted IEE,
that is 2 days of IEE with pre- and postexercise MITs, was
quite effective according to the two noninvasive markers pro-
posed by Rosa et al. (21) to evaluate physical performance in
this animal species: a decrease in both the maximum velocity
and the time to exhaustion. Indeed, these two parameters
significantly decreased by 25% and 54%, respectively (Fig. 1,
A and B). These data, associated with the absence of changes
Fig. 4. Effect of IEE on uterus respon-
siveness: concentration-contractile responses
curves to KCl (A) and CCh (B), and maxi-
mum contractile response (Emax) to KCl (C)
and CCh (D) from control (n  6) and EX
2D (n 5) groups. *Significant difference in
relation to control (P  0.05).
Fig. 5. Effect of IEE on lipid peroxidation
and protein oxidation in murine uterus.
A: histogram of the membrane lipid peroxi-
dation of the uterus isolated from control
(n  5) and EX 2D (n  6) animals. MDA,
malondialdehyde. B: histogram of the pro-
tein carbonyl contents of the uterus control
(n  6) and EX2D (n  6) animals. *Sig-
nificant difference in relation to control (P
0.05).
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in the weight of both the heart and the gastrocnemius skeletal
muscle (Table 1), are in accordance with our previous results
as IEE increases both plasma lactate and corticosterone in male
mice (21). We thus assume that the novel 2 successive days of
IEE designed was really effective at causing physiological
responses similar to those described for male mice. The ab-
sence of any alterations in the adrenal glands weight although
suggestive that IEE seems not to be a stressful factor able to
lead to activation of HPA axis in female mice, must be
carefully considered, and must be confirmed by plasma corti-
costerone measurements. However, the designed short-time
IEE program was effective in triggering responses leading to a
high level of impairment in the female mice physical perfor-
mance (Fig. 1, A and B).
One of the exciting results of this study was the significant
alteration of uterine muscle plasticity caused by only 2 days of
IEE, as assessed by the remarkable reduction in the thickness
of uterine muscular layer. These results could be attributed to
exercise-induced changes in the estrous cycle. However, this
was discarded since IEE did not disturb the normal course of
the estrous cycle in preliminary experiments (not shown).
Moreover this is corroborated by absence of any other histo-
morphometric abnormalities in the endometrium stroma and
uterine glands (Fig. 2). These results strongly argue in favor of
a similar reduction in the uterine contractility to any kind of
stimulation since the observed decrease of the muscular layer
thickness is suggestive of a lower quantity of muscle mass
(Fig. 3). Again, this possibility is discarded by the fact that the
maximum contractile response induced by muscarinic activa-
tion was significantly and distinctly reduced 42%, while just a
15% trend to reducing was seen with KCl- induced contraction
(Fig. 4, C and D). Furthermore, the EC50 to muscarinic acti-
vation was significantly higher in the uterus from the exercised
animals (Fig. 4B), thus indicating possible changes either at the
receptor level or in the subsequent downstream cellular trans-
duction mechanisms, such as ionic channels, kinases, and
receptor expression, all involved in the regulation of carbachol-
induced signaling cascades. Uterine contraction is described to
be dependent on an increased calcium influx due to activation
of the voltage-dependent Ca2 channels, while relaxation is
mainly due to the contribution of several distinct K- channels,
including the high- and small-conductance, Ca2- and voltage-
dependent-, ATP sensitive-, and voltage-dependent potassium
channels (2, 5). However, the present data set did not allow us
to specify which one of them was modulated by IEE. Interest-
ingly, these results are quite similar to those described by Rosa
et al. (21) concerning the effects of IEE on the intestinal
muscular layer plasticity, thus suggesting that a smaller muscle
mass atrophy may constitute a common response of visceral
smooth muscle to high intense and exhaustive exercise. How-
ever, it should be stressed that these data were limited by the
fact that they were evaluated only through histomorphometric
analysis which could not easily distinguish other underlying
mechanisms such as cell shrinkage and muscle cell loss.
Concerning uterus redox homeostasis sensitivity to IEE, the
remarkable reduction in the level of lipid peroxidation in the
uterus of exercised animals (Fig. 5A) is quite suggestive that
short-time intense and exhaustive exercise is an important
challenge to the uterine redox homeostasis, which probably
causes the enhancement of the tissue antioxidant defense, the
well-known response described in other tissues in response to
oxidative stress (10). However, as no increases in the uterine
protein oxidation was detected (Fig. 5B), the level of exercise-
induced imbalance of redox homeostasis probably was not
strong enough to overcome the exercise-induced uterine anti-
oxidant defenses to the point to significantly damage tissue
proteins. Therefore, the decrease of uterine contractile reactiv-
ity could not be ascribed to oxidation of the contractile proteins
or those involved with signaling transduction. How IEE is
leading to reduced muscle layer without causing significant
protein oxidation is not yet clear to us. Two possibilities that
might be raised are: IEE-induced apoptosis and IEE-induced
impairment of muscle cell proliferation, since uterine cell
proliferation is described to be regulated by distinct pathways,
such as EGF-signaling, activin, and myostatin signalings (7,
22). Again, the present data did not allow us to conclude
whether IEE is affecting either uterine cellular apoptosis or
proliferation.
There are some limitations in this study: first, with the
assessment of muscle atrophy by histomorphometric analysis,
it is hard to distinguish between cell loss or cell shrinkage and
it must be confirmed through biochemical studies; second, the
extrapolation of the present data, observed in rodent models, to
humans should be done carefully, even though the physiolog-
ical responses to exercise seems quite similar in both animal
species. Indeed, there are some important differences uterine
morphology and functionality as well as in woman linked
factors like age, mental, and physical conditions, life style,
nutrition and others variable which are not comparable with
female mice. However, this was a more descriptive and initial
study to test whether intense and exhaustive exercise is harmful
to visceral organs and how it could lead to altered uterine
mechanical function in nonpregnant mice.
In summary, we provide evidence for the nonpregnant uterus
being a target to exercise, by modulating its plasticity, leading
to atrophy, contractility impairment, and increased lipid per-
oxidation, therefore modulating the signaling pathways under-
lying exercise. Furthermore, intense exercise by negatively
modulating uterus contractility could be an important nonin-
vasive tool to alleviate uterus motility dysfunction.
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